Previous papers (1, 2) reported evidence of immunological relationship between a variety of Saccharomyces cerevisi.ae (yeast) and the Type II variety of Diplococcus pneumoniae (pneumococcus). The relationship, apparently dependent upon S-anti-S reactions, was evidenced by the immunological reactions of agglutination and of passive protection in which the test antigens were the whole cells of the microorganisms. In the present paper the relationship between the same two microorganisms is evidenced by the immunological reactions of anaphylaxis and precipitation in which the test materials were solufi'ons of antigen extracted from the microbial cells. Most of the protein at least had been removed from these test solutions and there is every reason to believe that the antigen responsible for the anaphylaxis and the precipitation was carbohydrate.
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EEPERr~n~NTAL

Methods
Preparation of Yeast Antigen.--Dried (Fleisckmaml's) yeast was added to 0.05 N HC1 and boiled 1 hour with frequent stirring; after storage overnight in the ice box, the yeast cells were removed by centrifugation. Acetic acid was added to the supernatant fluid and the protein precipitate removed by centrifugation. The supernatant fluid was precipitated with ten volumes of alcohol and the precipitate dissolved in H~O. Dilute acetic acid was added to the solution and the supernatant fluid was again precipitated in alcohol. The H~O solution of the precipitate was treated with dilute acetic acid, and, after removal of the protein precipitate, the solution was made neutral and concentrated in vacuo over phosphoric anhydride to one-fourth its volume.
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Mter removal of the sediment from the concentrated solution, dilute acetic acid was added to test for protein. When no precipitate was formed by the small amount of acid, a sample was removed and treated with increasing amounts of acid. When about one-half volume of glacial acetic acid was added, a heavy white precipitate was formed. Solutions of this precipitate dissolved in H~O and adjusted to neutrality, gave strong Mollsch reactions, reacted in high dilutions against antiyeast sera, and gave definite though weak reactions against Type II antipneumococcus serum. After observing the reactivity of the material obtained by treatment of the small sample with large amounts of acetic acid, the original batch was treated in the same way. The precipitate was redissolved in H~O, adjusted to pH 7.4, and used as the stock solution of yeast antigen in the subsequent experiments.
Preparation of Pneumococcus Antlgen.--Heavy suspensions of washed pneumococci in salt solution were frozen and thawed until the cells were thoroughly broken up. The sediment was removed by centrifugation. The superuatant fluid was treated several times with dilute acetic acid to remove the greater part of the dissolved protein.
Anaphylaxis Tests.--The guinea pigs (275 to 300 gin.) were sensitized by intravenous injection of 1.0 cc. of serum. A rest period of 24 hours was given between the sensitization and the intravenous injection of the test antigen. None of the test antigen solutions were primarily toxic in control tests on non-sensitized (normal) guinea pigs.
Antiyeast Serum vs. Pneumococcus A ntigen
There is considerable variation (1) in the antipneumococcus (Type II) potency of the antisera of different individual rabbits immunized with yeast. Some of them are only weakly reactive but the most potent ones agglutinate and protect against Type II pneumococci as well as the average antiserum obtained by immunization with the Type II pneumococci themselves. An antiyeast serum of high order of potency in respect to agglutination and protection against the Type II bacteria is best fitted for tests of anaphylaxis and precipitation of solutions of semi-purified carbohydrate extracted from the pneumococci. Table I illustrates its use to test the type specificity of the inter-reactions of antiyeast serum and pneumococcus antigen.
The data of Table I show that the reactions of the antiyeast serum were as specific for Type II pneumococci as concerns anaphylaxis and precipitation against the soluble antigen as had been previously (1) found, using agglutination and protection against the whole bacterial cells. That is, the antiyeast serum possessed the capacities to precipitate and to sensitize guinea pigs against the Type II antigen but was devoid of the same capacities for reaction with the antigens derived from Types I and III.
The relationship between the antibody in the antiyeast serum and the antigen of Type II pneumococci is made more significant by quantitative comparison of the results with the Types I and II antigens. In tests against its homologous antiserum the solution of the Type I antigen was precipitated in dilutions as high as 1:1600, and doses of it as small as 0.01 cc. caused prompt death of sensitized guinea pigs; but when tested against antiyeast serum it failed to be precipitated in any dilution and likewise failed to cause anaphylaxis of sensitized guinea pigs even when the dose was 200 times the M.A.D. required with the homologous antiserum. In contrast, the Type II antigen was almost as reactive against the antiyeast serum as against its own antiserum: for example, precipitation of the Type II antigen The solution of semi-purified carbohydrate from yeast was tested against the different types of antipneumococcus sera. Each of the antisera selected was of a high order of potency against antigen derived from the homologous type of pneumococci. The results are summarized in Table II. PNEUMOCOCCI. V
The data (Table II) show that the yeast antigen was reactive with the Type II antiserum but not with the Types I and III antisera. It is evident, however, that while the reactions were definite* the degree of reactivity of the pneumococcus (Type II) antiserum with the yeast antigen is not at all comparable to the high degree of reactivity (Table I ) of the pneumococcus (Type II) antigen with the antiyeast serum. For example (Table II) , the anti-Type II serum precipitated the yeast antigen only in 1:5 dilution in comparison to the precipitation of 1 : 3200 dilution by the antiyeast serum, and animals sensitized with the anti-Type II serum gave only sublethal reactions* to doses of yeast antigen over 300 times as great as those causing acute death of animals sensitized with the homologous autiyeast serum. In contrast to this marked disparity between the degrees of reactivity of the antiyeast and of the anti-Type II sera in tests with the yeast antigen, the results in Table I showed that some of the more potent antiyeast sera possess a degree of reactivity with the Type II pneumococcus antigen approximately equal to that of an anti-Type II serum itself. A * Although no immediate deaths were obtained by injection of 2.0 cc. doses of yeast antigen in guinea pigs sensitized with Type II antiserum, pronounced sublethal reactions were obtained with all of the six animals tested. Death would probably have followed the use of larger test doses but it was impossible to try these because of the limited amount of antigen at our disposal. In view of the complete absence of reaction on the part of the animals sensitized with the Types I and III antisera, the pronounced reactions of the anti-Type II sensitized animals can be taken without question as evidence of true anaphylaxls. part of this difference is probably due to the fact that the antiyeast serum used in Table I was selected on the basis of its antipneumococcus potency. However, the same difference was observed in the previous study (1) on the basis of agglutination with the antisera from a large number of rabbits, and hence, one can conclude that as a rule the antisera of animals immunized with yeast are more reactive with the pneumococcus antigen than the antipneumococcus sera are with the yeast antigen. In contrast, in the inter-reactions of Type II with Subgroup II pneumococci, the Type II antisera are more reactive with Subgroup II antigen (3) than the Subgroup II antisera are with Type II antigen.
Differences in Respect to Reactivity with Pneumococcus Antigen Exhibited by Antlyeast Sera of Equal Degree of Reactivity with Yeast Antigen
The reactions of antiyeast serum against pneumococcus antigen presented in Table I were obtained with an antiyeast serum selected as particularly potent in respect ,to antipneumococcus reactivity. However, the antisera obtained by immunizing different rabbits with yeast show marked differences in respect to the degree of reactivity with Type II antigen. In the preceding study (1), this was evidenced by the wide difference in the capacities of different antiyeast sera to agglutinate and protect against the Type II bacterial cells. In the present investigation the same sort of differences were manifested in the capacities of individual antiyeast sera to precipitate in vitro and to sensitize in vivo against solutions of the Type II antigen. This point is illustrated by a summary (Table III) of the precipitation and anaphylaxis tests of the antisera obtained from four rabbits.
It is evident (Table III) that the potency in respect to reactivity with the yeast antigen can be accepted as uniformly good in the antisera from all four of the rabbits: all of them precipitated the yeast antigen in dilution of 1: 3200 but not in 1 : 6400 and they also sensitized guinea pigs sufficiently to give rise to prompt death upon the subsequent injection of 0.0006 cc. of antigen solution though not to doses of 0.0002 cc. If the four antisera are compared, however, with respect to reactivity with the pneumococcus antigen, marked differences are evident. Whereas, the antiserum from Rabbit 1 precipitated the pneumococcus antigen in dilution of 1:400 and that from Rabbit 2 in dilution of 1 : 1000, the antiserum from No. 3 and from No. 4 failed to precipitate it in any dilution and even when not diluted at all. Similarly pronounced differences were evident in the capacities to sen-sitize: the antiserum from No. 1 sensitized sufficiently to give prompt death with doses of 0.02 cc. while in extreme contrast the antiserum from No. 4 did not sensitize sufficiently to give even sublethal reactions to doses 100 times as great. These differences in respect to potency against the pneumococcus antigen are especially important because observed in antisera that showed no significant difference in degree of reactivity against the antigen homologous to that with which the animals were immunized. Differences of this sort in the antisera of individual rabbits emphasize the difficulty of obtaining a complete expression of the antigenic properties of cells containing a variety of components unless a large number of individual animals are included in the immunization.
COMMENT
The data present two points of interest. The first is the inter-reactions of precipitation and of anaphylaxis by solutions of semi-purified carbohydrate antigen extracted from Type II pneumococci and from yeast. Cross-reactions of anaphylaxis were to be expected from the immunological relationship previously (1, 2) demonstrated by agglutination and protection. But, production of anaphylaxis by injection of pneumococcus material in animals sensitized with antiyeast serum is of more than ordinary interest because of the wide genetic distance between the microorganism (ascomycete) used for the immunization and that (s'chizomycete) used for the shock antigen.
The second point of interest is the pronounced difference in respect to reactivity with the pneumococcus antigen found between individual antiyeast sera that were of equal potency in respect to their reactivity with the yeast antigen. Similar observations were made in our previous studies (4, 5) on pneumococci related to the usual Type III, the antisera of individual rabbits differing widely in their reactivity against the related bacteria even when they showed no differences in reactivity against the homologous microorganism. Thus, although it was easy enough to obtain antisera potent against the dominant antigen of the homologous microorganism, it was necessary to immunize a large number of animals in order to obtain antisera representing a complete expression of all the different antigenic constituents included in the microbial cells used in the immunization. This is an important factor to consider in all studies of microbial interreactions. Although the antisera obtained by immunizing one or two animals may be adequate for studies dealing with the dominant antigen of the homologous microorganism, they cannot be depended upon in studies dealing with the antigens of related microorganisms. For the latter, a large number of animals should be immunized, for in some instances only the most responsible individuals will yield antisera that reveal all of the immunological relationships.
S~ARY
This paper reports inter-reactions of anaphylaxis and precipitation between antigens and antisera derived from the Type II variety of pneumococcus and from one variety of yeast. That the reactions occurred only with Type II and not with Types I and III is proof that the pneumococcus antigen responsible for the anaphylaxis of the antiyeast sensitized animals was the type-specific carbohydrate (S).
